Background: Hyperinsulinemic normoglycemia augments myocardial glucose uptake and utilization. We tested the hypothesis that hyperinsulinemic normoglycemia reduces 30-day mortality and morbidity after cardiac surgery. Methods: This dual-center, parallel-group, superiority trial randomized cardiac surgical patients between August 2007 and March 2015 at the Cleveland Clinic, Cleveland, Ohio, and Royal Victoria Hospital, Montreal, Canada, to intraoperative glycemic management with (1) hyperinsulinemic normoglycemia, a fixed high-dose insulin and concomitant variable glucose infusion titrated to glucose concentrations of 80 to 110 mg · dl -1 ; or (2) standard glycemic management, low-dose insulin infusion targeting glucose greater than 150 mg · dl -1 . The primary outcome was a composite of 30-day mortality, mechanical circulatory support, infection, renal or neurologic morbidity. Interim analyses were planned at each 12.5% enrollment of a maximum 2,790 patients. Results: At the third interim analysis (n = 1,439; hyperinsulinemic normoglycemia, 709, standard glycemic management, 730; 52% of planned maximum), the efficacy boundary was crossed and study stopped per protocol. Time-weighted average glucose concentration (means ± SDs) with hyperinsulinemic normoglycemia was 108 ± 20 versus 150 ± 33 mg · dl -1 with standard glycemic management, P < 0.001. At least one component of the composite outcome occurred in 49 (6.9%) patients receiving hyperinsulinemic normoglycemia versus 82 (11.2%) receiving standard glucose management (P < efficacy boundary 0.0085); estimated relative risk (95% interim-adjusted CI) 0.62 (0.39 to 0.97), P = 0.0043. There was a treatment-by-site interaction (P = 0.063); relative risk for the composite outcome was 0.49 (0.26 to 0.91, P = 0.0007, n = 921) at Royal Victoria Hospital, but 0.96 (0.41 to 2.24, P = 0.89, n = 518) at the Cleveland Clinic. Severe hypoglycemia (less than 40 mg · dl -1 ) occurred in 6 (0.9%) patients. Conclusions: Intraoperative hyperinsulinemic normoglycemia reduced mortality and morbidity after cardiac surgery. Providing exogenous glucose while targeting normoglycemia may be preferable to simply normalizing glucose concentrations. (Anesthesiology 2018; 128:1125-39) 
H
YPERGLYCEMIA is associated with mortality and morbidity in critically ill and cardiac surgical patients. [1] [2] [3] Consistent with these observations, intensive treatment of hyperglycemia aimed at normoglycemia reduced morbidity and mortality in a single-center randomized trial of critically ill surgical patients, most of whom had recent cardiac surgery. 4 Pediatric critically ill patients, most of whom had cardiac surgery and received intensive insulin therapy aimed at normoglycemia, similarly experienced reduced morbidity and mortality. 5 Other trials, however, found that treatment of hyperglycemia with conventional insulin infusions aimed at normoglycemia either provided no benefit 6, 7 or increased mortality. 8, 9 Complications resulted, at least in part, from hypoglycemia. replacement, or a combination of these procedures with cardiopulmonary bypass between August 2007 and April 2015 were screened for inclusion by research personnel. Exclusion criteria included off-pump cardiac surgery, anticipated hypothermic circulatory arrest, elevated baseline cardiac troponin I (greater than 0.5 ng · l -1 , Montreal) or troponin T (greater than 0.1 ng · ml -1 , Cleveland), kidney disease requiring renal replacement therapy, or active infection requiring ongoing antibiotic therapy. Subinvestigations, unrelated to the primary outcome, have previously been published. 19, [30] [31] [32] [33] [34] [35] Randomization and Masking Study participants were randomly assigned (1:1) to hyperinsulinemic normoglycemia or standard glycemic management. Randomization was performed by the Plan procedure in SAS software, version 9.4 (SAS Institute Inc., USA), a web-based system, and was stratified by center (Cleveland vs. Montreal), cardiac surgical procedure (coronary artery bypass grafting, valve repair/replacement, or combined procedure) and history of diabetes (any diabetes [type 1/type 2/diet-controlled] vs. no diabetes). Block size within each stratum randomly ranged from 4 to 16 patients. Allocation was initially concealed in sealed, sequentially numbered envelopes, and later in a web-based system, both accessed shortly before induction of anesthesia.
It was not feasible to blind anesthesia and surgical personnel to the intraoperative glucose management strategy; however, primary outcomes and postoperative clinical and laboratory results were evaluated by research personnel blinded to group allocation.
Procedures Anesthesia and Surgery. Standard anesthesia monitors were supplemented by central venous or pulmonary artery catheters and transesophageal echocardiography. Midazolam, etomidate, thiopental, propofol, sufentanil and/or fentanyl, volatile anesthetics, and a depolarizing or nondepolarizing muscle relaxant were given during induction and maintenance of anesthesia. Surgery was performed through a full midline sternotomy or minimally invasive upper hemisternotomy, and routine strategies for conduct of cardiopulmonary bypass were followed.
Intermittent antegrade and retrograde administration of Buckberg's cardioplegia mixed in 5% dextrose was used exclusively in Cleveland until December 2012; thereafter del Nido cardioplegia, a non-glucose-containing solution administered as a single anterograde infusion, was occasionally used for isolated valve repair/replacement without coronary artery bypass grafting. 36 In Montreal, intermittent anterograde and/or retrograde St. Thomas cardioplegia (Hospira Inc., USA), a nonglucose-containing solution, was administered. Intravenous vasoactive infusions and antibiotic medications were mixed in 5% dextrose in Cleveland and normal saline solution in Montreal. 
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During separation from cardiopulmonary bypass, epinephrine was infused for low cardiac index (less than 2.0 l • min -1 • m -2 ) and/or norepinephrine or vasopressin were infused for low systemic vascular resistance (less than 700 dynes • s • cm -5 ) to maintain mean arterial pressure greater than 80 mmHg and cardiac index greater than 2.0 l • min -1 • m -2 . Milrinone was infused when cardiac output was low and refractory to routine pharmacologic hemodynamic support. If a pulmonary artery catheter was not present, transesophageal echocardiography was used to assess myocardial contractility and determine whether inotropic versus vasopressor treatment was needed.
Glucose Management
Intraoperative glucose management with hyperinsulinemic normoglycemia involved a fixed-dose insulin infusion of 5 mU · kg -1 · min -1 with a concomitant variable glucose (dextrose 20%) infusion supplemented with potassium (40 mEq · l -1 ) and phosphate (30 mmol · l -1 ) as previously described. 24 The glucose infusion was initiated at approximately 40 to 60 ml · hr -1 when serum glucose concentration was approximately 110 mg · dl -1 or less, and manually titrated to target glucose concentrations of 80 to 110 mg · dl -1 every 10 to 15 min throughout surgery. Additional boluses of insulin were given for blood glucose greater than 110 mg · dl -1 . Arterial blood glucose concentrations were measured with an Accu-Check (Roche Diagnostics, Switzerland) glucose monitor. At sternal closure, the insulin infusion was reduced to 1 mU · kg -1 · min -1 and converted to a standard low-dose insulin infusion upon intensive care unit admission. After intensive care unit arrival, the glucose infusion was decreased by 25 to 50% every 20 min when the blood glucose was greater than 110 mg · dl -1 . When the infusion was at 20 ml · h -1 or less and blood glucose was greater than 110 mg · dl -1 , the infusion was discontinued. Blood glucose concentrations were followed for 45 to 60 min after discontinuation of the dextrose infusion to ensure that hypoglycemia was avoided.
Standard glucose management involved a conventional low-dose insulin infusion titrated to blood glucose concentrations measured by arterial blood gas analysis every 30 to 90 min throughout surgery. This low-dose insulin infusion was initiated for blood glucose concentration greater than 120 mg · dl -1 before initiation of cardiopulmonary bypass or greater than 150 mg · dl -1 during or after cardiopulmonary bypass, at a rate based on patient weight and current glucose concentration. Subsequent adjustments were based on a sliding scale of current blood glucose concentration and the change from the previous measurement. Supplemental boluses of insulin were given with acute increases (greater than 30 mg · dl -1 ) in blood glucose. The insulin protocol for patients assigned to standard glucose management is listed in appendix 1.
Upon intensive care unit admission, both groups transitioned to the same standardized postoperative insulin treatment protocol in the intensive care unit. This involved measurement of blood glucose by arterial blood gas analysis approximately every 2 h with adjustment of insulin infusion to maintain serum glucose less than 150 mg · dl -1 on postoperative day one and less than 120 mg · dl -1 on day two and later. In 2009, after publication of the Normoglycemia in Intensive Care Evaluation-Survival Using Glucose Algorithm Regulation (NICE-SUGAR) trial, 9 the postoperative glucose target increased to less than 180 mg · dl -1 . Severe and moderate hypoglycemia was defined as blood glucose less than 40 and 60 mg · dl -1 , respectively. Hypoglycemia was treated by administration of 20% dextrose (25 to 100 ml). A summary of major protocol changes that occurred since initiation of this investigation is found in appendix 2.
Outcomes
The primary outcome was a collapsed composite (any vs. none) of the following major postoperative complications occurring within 30 days of surgery: (1) all-cause postoperative mortality; (2) failure to wean from cardiopulmonary bypass or postoperative low cardiac index (less than 1.8 l · min -1 · m -2 ) requiring mechanical circulatory support with intra-aortic balloon counter-pulsation, ventricular assist device, and/or extracorporeal mechanical oxygenation; (3) serious postoperative infection including any of the following infectious complications: mediastinitis, sternal wound infection requiring surgical debridement, sepsis, or pneumonia requiring mechanical ventilatory support; (4) acute postoperative kidney injury requiring renal replacement therapy; and (5) new postoperative focal (aphasia, decrease in limb function, hemiparesis) or global (diffuse encephalopathy with greater than 24 h of severely altered mental status or failure to awaken postoperatively) neurologic deficit.
The secondary outcomes included postoperative atrial fibrillation, defined as the occurrence of new-onset postoperative atrial fibrillation after cardiac surgery, duration of hospitalization (days) and intensive care unit stay (days), and 1-yr all-cause mortality.
We also recorded a composite of minor postoperative complications within the first 30 days including mechanical ventilation greater than 72 h, low cardiac index (cardiac index less than 1.8 l · min -1 · m -2 despite adequate fluid replacement (lack of hemodynamic response to repeated fluid administration of crystalloid or colloid intravascular solutions) and high-dose inotropic support for greater than 4 h), acute kidney injury (increase in creatinine greater than 100%), hospitalization greater than 30 days, and all-cause hospital readmission within 30 days. Detailed definitions of the primary and secondary outcomes are listed in appendix 3.
Statistical Analysis
Balance on baseline characteristics between randomized groups was assessed using the standardized difference Hyperinsulinemic Normoglycemia Improves Outcomes (difference in means or proportions divided by pooled SD). Imbalance was defined as a standardized difference greater than 0.2 in absolute value, 37 and such variables were adjusted for in all analyses.
We assessed the effect of hyperinsulinemic normoglycemia versus standard therapy on the primary outcome (any complication) using Cochran-Mantel-Haenszel chi-square analysis, adjusting for clinical site. Results were reported as the estimated relative risk and interim analysis adjusted 95% CI. We assessed the interaction between treatment effect and site using the Breslow-Day test for homogeneity of odds ratios. We also assessed the treatment-by-component (of the composite outcome) interaction overall and within site using multivariate (one record per component per subject) generalized estimating equation "distinct-effects" logistic models. 38 Groups were compared on binary secondary outcomes using the same methods as for the primary outcome. The treatment effect on time-to-event secondary outcomes (i.e., duration of mechanical ventilation, and intensive care unit and hospital stay [time to discharge alive]) were assessed using Cox proportional hazards models adjusting for site. For patients who died during the index hospitalization (n = 22), the hospital stay was assigned to be the longest observed hospital stay plus 1 day, and censored at that time (i.e., not discharged alive). "Time to discharge alive" was not used for intensive care unit length of stay because the exact date/time of death was not recorded (only whether in-hospital or not). Median (95% CI) survival time was estimated from Kaplan-Meier curves.
Intraoperative time-weighted mean glucose concentration was calculated across measurements for each patient using the trapezoidal method and equal to the area under the curve divided by the total glucose reading time.
The significance level for each hypothesis was 0.05, and all tests were two-sided. CIs were adjusted for the group sequential design (using confidence coefficient of 2.63) to maintain overall study α of 0.05 for combined sites and 0.025 (confidence coefficient of 2.86) within sites. Significance criterion for treatment-by-site interaction was set at 0.10 a priori. Bonferroni correction was performed while assessing each individual component of the composite primary outcome, with the significance criterion of 0.0017 (i.e., 0.0085/5 components = 0.0017) with 99.83% CI, and 0.00084 (i.e., 0.0042/5) with 99.92% CI within site. SAS software, version 9.4 or East 5.3 (Cytel Corp., USA) were used for all analyses.
Sample Size Calculations
A maximum of 2,790 patients was required to detect a 30% relative reduction in the composite of any major complications (i.e., any vs. none) from an expected 15% incidence of complications in the standard group at the overall 0.05 significance level with 90% power. Interim analyses to assess efficacy and futility on the primary outcome of the occurrence of any major complication were planned at each 12.5% of the maximum planned enrollment in this group sequential design (n = 349, 697, 1,046, 1,394, 1,743, 2,091, and 2,440). Patient recruitment continued while the interim analyses were performed; thus, the timing of the interim analyses varied slightly from the original plan. We used the α (type I error) and ß (type II error) spending approach of Hwang et al. 39 with parameters γ = −2 for efficacy and γ = −3 for futility.
Results
Patients were recruited from August 17, 2007, until March 30, 2015; 1,439 patients were randomly assigned to hyperinsulinemic normoglycemia (n = 709) and standard glycemic management (n = 730), with 518 in Cleveland and 921 in Montreal ( fig. 1 ). The number of patients screened for this investigation was not available. At the third interim analysis with n = 1,439 (52% of maximum enrollment; patient recruitment continued during data analysis, thus the third interim analysis was later than initially planned), the treatment effect of hyperinsulinemic normoglycemia on the primary outcome crossed the predefined efficacy boundary for the combined sites, and the study was stopped as per the protocol. The P value boundaries for efficacy and futility were P < 0.0085 and P ≥ 0.803, respectively.
Randomized groups were well-balanced (absolute standardized difference less than 0.20) on all preoperative patient demographics, clinical characteristics, preoperative echocardiographic measurements, and perioperative variables (table 1) . Survival data at 1 yr were unavailable on 104 patients (hyperinsulinemic normoglycemia, n = 56; standard glycemic management, n = 48).
Insulin Administration and Treatment Effects
Overall mean ± SD time-weighted average glucose concentration was 108 ± 20 mg · dl -1 with hyperinsulinemic normoglycemia versus 150 ± 33 mg · dl -1 with standard glycemic management. The Cleveland site had higher time-weighted 77 (20) 91 (24) 42 (17) 42 (16) 35 (25) 49 (42) +2 66 (17) 46 (12) 38 (15) 28 (11) 28 (20) 18 (16) +3 32 (8) 24 (6) 17 (7) 14 (5) 15 (11) 10 (9) +4 27 (7) 25 (7) 12 (5) 16 (6) 15 ( 
Primary Results
At least one component of the composite outcome occurred in 49 (6.9%) of patients receiving hyperinsulinemic normoglycemia versus 82 (11.2%) receiving standard glucose management (P < efficacy boundary of 0.0085) for an estimated relative risk (95% interim-adjusted CI) of 0.62 (0.39 to 0.97), P = 0.0043 ( fig. 3A) . However, there was a strong treatment-by-site interaction (P = 0.063, less than the a priori criterion of 0.10); the relative risk for the composite outcome was 0.49 (0.26 to 0.91, P = 0.0007, n = 921) at the Royal Victoria Hospital, Montreal, but 0.96 (0.41 to 2.24, P = 0.89, n = 518) at the Cleveland Clinic. Proportions and relative risks for the individual major complications in the combined sites are shown in figure 3A and by individual site in figure 3B . There was no evidence of treatment-bycomponent interaction overall (P = 0.84), for Cleveland (P = 0.96) or Montreal (P = 0.52), and thus inference within components was statistically unnecessary. Nevertheless, after adjusting for multiple comparisons across components, only serious infection morbidity in Montreal was significantly affected by intervention.
Secondary Results
Secondary outcomes for the combined sites are shown in table 2; no differences were found on any of the five outcomes. Secondary outcomes are shown by site in appendix 4; no differences were found in any secondary outcome within site.
Although there was a significant treatment-by-site interaction for intensive care unit length of stay (P = 0.046), the treatment effect was not significant for either site; the hyperinsulinemic normoglycemia group was an estimated 1.24 (0.98 to 1.57) times more likely to be discharged earlier than in the standard group in Montreal (P = 0.0026, not significant after Bonferroni correction), and 0.99 (0.74 to 1.33) at the Cleveland Clinic (P = 0.89). Similarly, the treatment-by-site interaction was significant for hospital stay (P = 0.07), but the treatment effect was not significant at either site. There were no differences between groups on other secondary outcomes, including the composite of minor complications, postoperative atrial fibrillation, or 1-yr mortality (i.e., all P > 0.0085, table 2).
Discussion
Hyperinsulinemic normoglycemia reduced the composite outcome of 30-day mortality and serious complications The fixed high-dose insulin infusion technique contrasts with most previous trials in which only insulin, rather than insulin supplemented with glucose, was given to maintain normoglycemia. Insulin is cardioprotective independent of glucose concentrations. 40 Insulin administration during reperfusion reduces myocardial infarction via Akt and p70s6 kinase-dependent signaling pathways 28, 40 and may improve myocardial metabolic and functional recovery after cardioplegic arrest. 41, 42 Laboratory investigations similarly report myocardial benefit from provision of glucose and insulin. 43 The protective effects of enhanced myocardial glucose uptake and utilization may be especially beneficial during cardiac surgery because it might counteract myocardial dysfunction consequent to cardioplegic arrest and ischemia and reperfusion injury. Previous studies that largely enrolled cardiac surgical patients (n = 1,548 and 700) similarly demonstrated benefit, although intensive insulin therapy targeting normoglycemia with supplemental glucose was initiated after surgery. 4, 5 One other investigation (n = 371), however, examined the benefit of intraoperative glucose control during cardiac surgery and reported worse outcomes with intensive insulin therapy, 8 although a standard insulin infusion, rather than hyperinsulinemic normoglycemia, was evaluated.
Hyperinsulinemic normoglycemia resembles glucoseinsulin-potassium therapy, which provided myocardial protection and improved left ventricular function in some, 14, 28 but not all, 44 investigations. Both approaches are thought to provide cardioprotective benefits by increasing myocardial glucose uptake and improving coupling of glycolysis and glucose utilization. 43, 45, 46 However, hyperinsulinemic normoglycemia differs from glucose-insulin-potassium therapy in avoiding hyperglycemia, which is consistently associated with worse outcomes. 3, 47 Variable degrees of hyperglycemia may explain why glucose-insulin-potassium demonstrated benefit in some investigations 12, 28 but not in others. 29, 48, 49 Aside from the overall significant benefit of hyperinsulinemic normoglycemia, the most striking aspect of our results is that the benefit was apparently restricted to one study site. We considered several potential explanations. Although glycemic management was standardized, cardioplegia at the Cleveland Clinic contained glucose, whereas it did not in Montreal; thus, both groups at the Cleveland Clinic received exogenous glucose during cardioplegic arrest. It is possible that routine provision of glucose-containing cardioplegia provided significant myocardial protection and reduced low cardiac output syndrome and mechanical circulatory support in all patients at the Cleveland Clinic, regardless of randomized group.
The need for mechanical circulatory support was low (less than 2%) among patients given glucose from either hyperinsulinemic normoglycemia or cardioplegia administration. Only the standard glycemic management group in Montreal did not receive exogenous glucose during cardioplegic arrest and also demonstrated the highest need for mechanical circulatory support. Consistent with this theory, a previously reported subinvestigation 50 from Montreal provided evidence of cardio-protection and improved myocardial function in patients who received hyperinsulinemic *CI and P values from Cox proportional hazards for intensive care unit stay and hospital stay, and Cochran-Mantel-Haenszel test for binary outcomes. CI adjusted for group sequential design using confidence coefficient of 2.633 for combined sites in order to maintain overall study α of 0.05. Significant if P < 0.0085/6 = 0.0017 using Bonferroni correction. †The estimated median survive time (95% CI) from Kaplan-Meier curve. ‡The observed longest hospital stay plus 1 day was assigned to patients who died during hospitalization (n = 22). §Minor complications include any one of the following: a prolonged requirement for mechanical ventilation (> 72 h), low cardiac index (cardiac index less than 1.8 l · min -1 · m -2 despite adequate fluid replacement and highdose inotropic support for > 4 h), acute kidney injury (increase in creatinine > 100%), prolonged hospitalization (> 30 days), and all-cause hospital readmission within 30 days). ‖Treatment × site P value. HR = hazard ratio; RR = relative risk.
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normoglycemia, but not standard glucose management. In contrast, myocardial function at the Cleveland Clinic was not different between groups. 30 Glucose concentrations for both randomized groups were higher in Cleveland than in Montreal, presumably because patients at the Cleveland Clinic were given cardioplegia with glucose and medications were mixed with glucose. Higher glucose concentrations at the Cleveland Clinic may explain the lack of difference between groups, whereas the effect was profound at the Royal Victoria Hospital. 51 Results for the primary outcome were clearly centered around the null hypothesis at the Cleveland Clinic, with a relative risk estimate of 0.96. However, Cleveland contributed only about a third of the patients; thus, the site-specific 95% CI for the primary outcome range from a 59% reduction to a 2.2-fold increase in the composite outcome, which does not allow a firm negative conclusion.
Hyperinsulinemic normoglycemia reduced serious postoperative infection only in Montreal. Others similarly reported a nearly 50% reduction in bloodstream and sternal wound infections in cardiac surgical and critically ill patients who received intensive insulin therapy. 4, 22 Hyperglycemia impairs leukocyte function, increasing the risk of infection, 52, 53 and our results are consistent with these observations. The Cleveland site, however, received no benefit from hyperinsulinemic normoglycemia. The incidence of postoperative infectious complications in the Cleveland control group was half of the incidence of infection in the Montreal control group. It is therefore possible that infection risk at the Cleveland Clinic was already low so that hyperinsulinemic normoglycemia provided little additional benefit.
Hypoglycemia, which has been closely linked to adverse outcomes in other investigations, rarely occurred in our study. We attribute the low incidence of hypoglycemia to the profound stress counterregulatory response and insulin-resistant state that ensues with cardiac surgery and during the conduct of cardiopulmonary bypass. But it is also due to frequent blood glucose measurements (generally every 10 to 15 min) and close titration of glucose by dedicated investigators.
We could not blind anesthesia or surgical personnel to intraoperative glycemic management; however, most outcomes occurred several hours to days postoperatively and were recorded by research personnel who were blinded to treatment assignment. Our investigation cannot determine whether the benefit of hyperinsulinemic normoglycemia was due to the administration of high-dose insulin with glucose supplementation versus benefits of normoglycemia; thus, the observed benefits may have resulted from more intensive glucose control, rather than the concomitant provision of supplemental glucose. The study stopped after slightly more than 50% of the planned patients were enrolled, but it was not "stopped early" for logistical or other nonstatistical reasons; enrollment was stopped per protocol by the Executive Committee because results at a planned interim analysis met a priori efficacy criteria. Our "group sequential" design protected the type I error at 5% and the type II error at 10% for the primary analyses. That said, as is true with any such design that crosses a boundary and thus (legitimately) stops enrollment before the maximum is reached, our CIs would have been somewhat narrower had we continued.
In summary, hyperinsulinemic normoglycemia in patients having cardiac surgery reduced a composite of postoperative morbidity and mortality. Because previous investigations targeting normoglycemia in the absence of exogenous glucose supply found no benefit, targeting normoglycemia while providing exogenous glucose may be preferable to simply normalizing blood glucose concentrations.
Hyperinsulinemic Normoglycemia Improves Outcomes We revised the secondary outcomes including a "composite of minor outcomes" that included prolonged intubation, low cardiac index, renal insufficiency, prolonged hospitalization, and hospital readmission.
This revised secondary outcome captured perioperative data that had a lesser, but still important, impact on postoperative course.
01/29/2009
The following exclusion criteria were added:
• Active infection including patients with endocarditis or infected pacemaker leads.
• Any infection requiring long-term antibiotics (> 14 days).
• Kidney disease requiring renal replacement therapy.
To identify patients who required renal replacement therapy and serious infection, which are components of the primary composite outcome, we excluded patients who required renal replacement therapy or had severe infection at time of enrollment.
The following primary outcomes were deleted: (1) Low cardiac index. The following secondary outcomes were removed: dysrhythmias, hyperlactatemia, postoperative troponin I or T, inotropic support.
Secondary outcomes were revised to select more important clinical endpoints.
The sample size was increased to 2,790 patients, and the number of interim analyses was changed from three to seven.
The sample size estimate was readjusted to power the study for a 30% reduction in risk of complications (previously a 60% reduction).
Hyperinsulinemic Normoglycemia Improves Outcomes Appendix 3. Failure to wean from cardiopulmonary bypass or postoperative low cardiac index (CI < 1.8 l · min -1 · m -2 ) conditions requiring circulatory support with intra-aortic balloon pump, ventricular assist device, and/ or extracorporeal mechanical oxygenation during or post-cardiopulmonary bypass or during postoperative course. Serious infection morbidity Postoperative course complicated by one of the following: (1) Sepsis with evidence of acute organ dysfunction. Sepsis is recognized as a clinical syndrome that may be defined by infection highly suspected (clinical syndrome pathognomonic for infection) or proven (by culture, stain, or polymerase chain reaction) and presence of two or more of the following systemic inflammatory response syndrome criteria: heart rate > 90 beats · min -1 (tachycardia); body temperature < 36°C or > 38°C (hypothermia or fever); respiratory rate > 20 breaths · min -1 or a PACO 2 < 32 mmHg (tachypnea or hypocapnia due to hyperventilation); leukocyte count < 4,000 cells · mm -3 or > 12,000 cells · mm -3 , or greater than 10% band forms (immature white blood cells; leukopenia, leukocytosis, or bandemia). Days from day of surgery to discharge from intensive care unit. All-cause mortality at 1 yr All-cause mortality identified during 1-yr follow-up. 
